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Abstract 
The analysis of the aircraft onboard cables design made by the authors has shown that it is most expedient to reduce the weight of 
the bonding of electrical connectors through replacing a molded housing of the plug connector by a lightweight one, while 
keeping to the requirements of shielding the cable bonding assembly from radio interference. 0.15÷0.2 mm thick aluminum foil 
was chosen as a material for the tubular lightweight housing. 
To obtain lightweight tubular products for space engineering it was suggested to use magnetic impulse welding-forming (MIWF), 
which applies integrated force and thermal action on the workpiece. 
We described the physical nature of MIWF process and defined the ranges of energy parameters affecting the quality of welded 
joints: operating voltage of the battery charge of capacitors, capacity of the equipment storage unit, inductance of the working 
tool - inductor - characterized by a number of turns. The combination of these parameters determines the energy and the duration 
of the action to the workpiece. The results of the experimental studies are provided. The industrial technology has been 
developed. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICIE 2016. 
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1. Introduction. 
One of the development areas of space engineering is a reduction in the weight of cable systems. The conducted 
analysis of the design of onboard systems has shown that it is appropriate to reduce the weight of structures through 
 
 
* Corresponding author. Tel.: +7-904-448-5512. 
E-mail address: nescoromniy@mail.ru 
 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICIE 2016
931 S.V. Nescoromniy et al. /  Procedia Engineering  150 ( 2016 )  930 – 935 
replacing a molded housing of the plug connector by a lightweight one, while keeping to the requirements to 
shielding the cable bonding assembly from radio interference. 
When using the electrical connector at frequencies above 100 kHz, it is expedient to use a shielding housing with 
the wall thickness of 0,1÷0,2 mm, which will allow reducing the weight of the structure by more than 10 times. 
Given the differences in length of diametric sizes, it is suggested to make a workpiece of the future housing in the 
shape of a truncated cone and to assemble it for welding with overlapping. 
Bonding of the electrical connector consists of a plug 1 (Figure 1, a). Wires 3 are soldered to outputs of the plug. 
Outputs are closed by molded housing 2. The housing in the proposed design of the connector is stamp-welded, a 
lightweight compound 4 (Figure 1, b) is provided for mechanical reinforcement. 
 
 
 
Fig. 1. Design of the connector cable bonding(ɚ) with a molded housing; (b) new design with a lightweight housing. 1 – plug; 2 – housing; 3 – 
weld point; 4 – compound 
The analysis of possibilities to manufacture a tubular lightweight construction has shown that it is the most 
appropriate to use magnetic pulse welding-forming (MIWF). Welding is performed with induced currents in the 
overlapping area of the workpiece; magnetic pressure realizes the process of forming of the workpiece and welding 
in the overlapping area [1-12]. 
2. Essence of the process. 
A schematic diagram of MIWF process of a lightweight shielding housing of the electrical connector is shown in 
Fig. 2 [13]. 
A workpiece of aluminum foil 1 is rolled with overlap ǻ and is set in matrix 2 having the shape of the future 
product. Inductor 3 is placed inside of the workpiece. 
 
Fig. 2. Schematic diagram of the process1 – workpiece rolled with an overlap; 2 – dielectric matrix; 3 – inductor; ǻ – overlap; PCG - pulse 
current generator; Tr - up transformer; R - rectifier; C - capacitors; A – arrester; Id – discharge current; ɇ – magnetic flux; Ii – induced current; Ɋm 
– magnetic pressure; Ɋf – forming pressure; Ɋw – weld pressure 
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With PCG discharge to inductor 3, an electromagnetic field is created with the frequency of tens of kHz, under 
the influence of which emf of self-induction is induced in the workpiece 1 rolled with an overlap ǻ. Induced current 
impulse Ii flows along workpiece 1, Joule heat is released in the overlapping area. Interaction of induced current Ii 
with the magnetic field of inductor 3 causes the deformation of the workpiece in the direction of matrix 2. Under the 
magnetic pressure, a layer of molten metal together with adsorbed and oxide films and other impurities is extruded 
from the overlapping area. Heated and cleaned surfaces are compressed and edges are pressed against the matrix, a 
permanent connection akin to resistance welding is formed [7, 14]. 
Magnetic pressure Pm performs forming of the workpiece according to the matrix configuration within one pulse 
with the duration of 10÷50 μs. 
3. Research of the process 
A theoretical analysis and experimental research of the process of magnetic pulse welding-forming (MIWF) of 
tubular products made it possible to determine the energy parameters affecting the quality of welded joints: 
operating voltage of the battery charge of capacitors U, capacity of the equipment storage unit C, inductance of the 
working tool - inducer - L characterized by a number of turns N of the inductor. The combination of these 
parameters determines energy W and the time of the action to the workpiece [11, 14]. 
Geometrical parameters of the assembly that affect the quality of welded joints are the following: overlap value 
of workpiece edges ', material deformation degree during forming (it is determined in experimental samples by 
forming groove radius r). 
The main series of experiments revealed the ranges of geometrical parameters of the assembly: overlap value ǻ = 
(1÷8) mm, radius of the groove r = (0,5÷5) mm. 
The analysis of tubular workpiece forming during MIWF was made using matrixes with longitudinal and 
transverse grooves of a varying depth (radius r). 
The thickness of workpieces of aluminum alloy for experimental studies was selected based on the condition of a 
shielding effect and comprised 0,15 mm [13]. 
The workpiece of alloy A7 rolled with overlap ǻ was placed in a split matrix; a cylindrical inductor connected to 
PCG was installed inside; MIWF was performed, Fig. 3 [15]. 
 
 
Fig. 3. Experimental samples: (ɚ) with longitudinal grooves; (b) with transverse grooves;r – radius of the groove; ǻ – overlap value 
When using a forming matrix with longitudinal forming grooves, the dependence of the breaking load on the 
pulse energy is similar to those obtained by MIWF with static pre-forming. The degree of deformation increases 
with the increase of the discharge energy, Fig. 4. 
When using a matrix with a transverse forming groove r<1 mm, welding is realized practically across the entire 
mating surface. With the increase of r, there are lacks of weld penetration; if r>3 mm, there is no welding, Fig. 5. 
This is explained by the fact that a welded joint formed in the early stages of the process is damaged by the forces 
occurring during deformation. 
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Fig. 4. Dependence of the breaking load on the pulse energy: (1) with static pre- forming; (2) without static pre- forming 
The results of experimental studies of the influence of overlap value ǻ on the strength of a welded joint are 
shown in Fig. 6. MIWF mode: voltage of the battery charge of capacitors U=2,7 kW, capacity of the battery of 
capacitors C=12 μF, number of inductor turns characterized by the inductive impedance L = 16000 nH. This mode 
provides a sufficient forming and welding of the experimental sample [16, 17]. 
 
 
Fig. 5. Dependence of breaking load P of aluminum alloy: (a) on radius r of the groove of the forming matrix,(b) on overlap value ǻ 
With low overlap values ǻ a high density of induced current Ii leads to burn-through of the workpiece material. A 
significant increase in the overlap and, consequently, a decrease in the density of induced current Ii does not provide 
conditions for the connection of welded surfaces. A satisfactory quality of the connection is obtained with the 
overlap value of ǻ=2÷4 mm. 
The results of experimental research set the range of determination and effective variation of the main parameters 
of MIWF process. They have the following values for a variety of experimental samples: capacity 15÷35 W, key 
inductive impedance L = 1200÷16000 nH. 
Metallographic studies showed that there was an intense deformation of surface layers in the area of the welded 
joint of aluminum foil, which contributes to a "setting" similar to explosion welding and classical magnetic pulse 
welding [18-20]. 
The research resulted in the development of MIWF technology for lightweight tubular products for space 
engineering within the framework of the federal target program "Research and development in priority development 
directions for scientific-technological complex of Russia for 2014-2020". 
Figure 6 shows a tool and accessories for MIWF. 
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Inductor 3 consists of a dielectric band, where a conductive spiral is placed. As a first approximation, the shape 
of the inductor corresponds to the shape of the future product 1. Split matrix 2 is made of a dielectric material 
(polyamide PA-6). The assembly is placed in holder 4, Fig. 6 [21-23]. 
4. Conclusions 
To obtain lightweight tubular products for space engineering it was suggested to use magnetic impulse welding-
forming (MIWF), which applies an integrated action on the workpiece. 
We determined the energy parameters of MIWF process of tubular workpieces, the geometrical parameters of the 
assembly as well as the areas of their variation. 
We developed the industrial technology for manufacturing shielding housings of aluminum foil. 
 
 
Fig. 6. Tool and accessories: (1) tubular stamp-welded housing; (2) matrix; (3) inductor; (4) mount. 
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